Chagas disease is a parasitic infection, and its main manifestations are the cardiac and digestive forms. In the chronic cardiac form, on a significant number of cases, a severe cardiomyopathy is developed. A therapeutic alternative in the Chagas disease evolution of a patient with terminal chronic chagasic myocarditis could be the rehabilitation through a cardiac transplantation (Boullon et al. 1988) . These patients are submitted to immunosuppressive therapy in order to prevent graft rejection (Bocchi 1987 , Almeida et al. 1996 .
Over the last years, new aspects have surfaced through the association of Chagas disease with the acquired immunodeficiency syndrome (Aids) (Del Castillo et al. 1990 , Gluckstein & Silva 1992 , Oddo et al. 1992 , Rocha et al. 1994 , Ferreira et al. 1997 . Chagas disease in immunocompromissed hosts is not exclusively associated to Aids, but also to the action of immunosuppressive drugs that are applied in cancer and transplant chemotherapy (Bocchi 1987 , Jatene 1987 .
After an acute phase of Chagas disease in which a "clinical cure" is obtained through chemotherapy or in assymptomatic cases, the parasite/host relationship is disturbed only when a treatment with immunosuppressive drugs is introduced. It has been demonstrated that immunosuppressive drugs can modulate both cell mediated immunity and antibody production, thus affecting concomitant immunity (or premunition). On the other hand, when some immunosuppressive drugs are given before infection they may promote an enhancement of cell mediated immunity and, paradoxaly, induce resistance against facultative intracellular parasites (Tripathy & Mackaness 1969 , Gonçalves da Costa & Lagrange 1981 .
In the past, cyclophosphamide (CY) was used in the immunosuppressive therapy for the cardiac transplant. At this moment, the most used therapy is a treatment schedule formed by cyclosporin A (CsA), azatioprin and a corticoid (Ferraz & Figueiredo 1993) .
Experimental use of immunosuppressive drugs demonstrated that CY injected after Trypanosoma cruzi infection induces an enhancement of myocarditis (Kumar et al. 1970 ).This was confirmed by Andrade et al. (1987) in dogs as well as in mice by Calabrese et al. (1987) and Silva and Rossi (1990) .
The action of this drug is dose and time dependent as observed in a experimental schedule using high dose of CY before or after infection with T. cruzi Y strain. Mice treated by a single dose of 200 mg/kg of CY two days before infection had a first parasitaemic peak on day five which was higher than the control group. After that, the course of the infection was similar to the infected nontreated control group. On the other hand, mice treated five days after infection with the same dose displayed a constant and higher ascendant parasitaemia. Animals treated with therapeutic doses (3 mg/kg) show the same result as mice treated with high dose five days after infection.
The analysis of blood cells, on animals treated five days after infection showed waves of leukocytes with a reduced number of cells on the 8th day after infection, the day of the parasitaemia peak of the Y strain. This justifies a small number of cells in inflammatory infiltrate on the heart on day 12 after infection. As CY is a cytotoxic drug, at this time the cells are suppressed. However the group treated two days before infection showed a great inflammatory infiltrate on the heart according to the great number of leukocytes circulating on blood because the toxic effect had already finished. The results of therapeutic doses (3 mg/kg) showed a great number of circulating leukocytes.
The specific analysis of these cells in the blood showed an enhancement of polymorphonuclear and monocytes cells seven days after the injection of the drug on animals treated two days before infec-tion with a single dose of 200 mg/kg. The same was observed with therapeutic doses.
In summary, the treatment with CY in mice expresses a polarity that is characterized by: (1) an enhancement of the inflammatory reaction and a consequent control of parasite proliferation in the myocardium of mice treated with a dose of 200 mg/kg two days before the infection in one pole; (2) a low inflammatory infiltrate associated with a high parasite burden when CY is given five days after infection on the other pole (Calabrese et al. 1996) .
In the 60's, Sandoz laboratories extracted an undecapeptide from the fungus Tolipocladium inflatum Gam, which was named CsA (Petcher et al. 1976 , Borel & Robert 1989 . The advent of CsA as an immunosuppressive drug in the early 80s revolutionized the field of clinical transplantation by altering the degree and specificity of immunosuppressive therapy. This drug exerts its primary influence on CD4+T (helper) cells, with indirect effects on other leukocyte populations. It suppresses IL-2 production and reduces the IFNγ (production occurs in a dose-dependent way). This effect on IFNγ production may explain the reduced activity of natural killer (NK) cells that can be observed during CsA treatment (Borel & Wiesinger 1979) .
The action of CsA on parasitic infections has been intensively studied. It was reported that Plasmodium growth in vitro was inhibited by the drug (Nickell et al. 1982) and it was effective in clearing parasitaemia in both rodent and monkey malaria (Cole et al. 1983 ). It has been also effective against helmintic infections as Strongyloides and Schistosoma mansoni infections in rats and immunodeficient mice too (Bueding et al. 1981 , Schad 1986 , Bout et al. 1986 ). The in vitro multiplication of T. cruzi epimastigotes was inhibited by CsA, but not the intracellular replication of amastigotes. Nevertheless it has been reported that CsA exacerbates the time course infection of T. cruzi in outbred as well as inbred Balb/c mice (McCabe et al. 1985) .
CsA results did not show the same pattern obtained with CY. The animals treated with 20 mg/ kg of CsA either two days before or five days after T. cruzi Y strain infection did not show any significant difference on histhological analysis. When we analyzed the circulating leukocytes on blood the bipolar effect observed in mice treated with CY was not observed in CsA treated ones. In the addition, we also have not observed the alternate pattern of leukopenia/leukocytosis observed in control infected non-treated mice. Mice CsA treated with a single dose of 200 mg/kg five days after infection presented less cells than infected non-treated control mice on day 12 of infection course. Animals treated with therapeutic doses of 10 mg/kg maintained the leukocyte number values.
Differential cell counts showed a modulatory effect of CsA 200 mg/kg administered five days after infection upon leukocytes. The drug neutralizes the suppression provoked by T. cruzi on polymorphonuclear cells and aggravate the normally depressed number of monocytes on the 9th day after infection. Neither therapeutic doses nor a high single dose of 200 mg/kg administered two days after infection have shown significant results.
Parasitaemia of CsA treated animals was higher than the one observed in infected non-treated control animals. The number of parasites on groups treated with 200 mg/kg two days before infection was the same found on those treated with therapeutic doses. Groups treated two days before infection with 200 m/kg showed parasitaemia two times higher than control animals.
Histological analysis of animals treated with any doses of CsA on day 12 after infection showed no difference between them. A moderate to intense diffuse inflammatory infiltrate exhibiting mononuclear cells was observed in the heart. Striated muscle cells appeared colonized by amastigotes but there was not any significant difference when compared with the infected non-treated control group.
The role played by T-cells in a T. cruzi infection is still a controversial subject. It is known that the depletion of T-cells exacerbates the course of T. cruzi infection. Trischmann (1983 Trischmann ( , 1984 suggested that T-cells exert an anti-parasite effect that precedes the antibody response and is independent of this response. Gonçalves da Costa et al. (1984) , in a study using athymic nude mice (nu/nu) infected with T. cruzi, have shown an enhancement of the parasitaemia and tissue colonization among these mice, in contrast with their heterozygous littermates (nu/+) in which the parasitaemia remained at lower levels. A drastic systemic colonization was observed in almost all tissues and organs without an inflammatory reaction, but T-cell transfer restored it. Russo et al. (1988) have shown that, by inactivating T helper-cells in chagasic C3H mice, blood and tissue parasite load have been increased whereas, at the same time, there was a reduction of the cellular infiltrate in the heart.
These results suggest that CD4+ T-lymphocytes play a dual role in the immunopathology of acute experimental Chagas disease, modulating the pathogenesis and host resistance to T. cruzi (Russo et al. 1988) . Hontebeyrie-Joskowicz et al. (1987) have adopted the same approach, since CD4+ Tlymphocytes from chronically infected mice are able to develop a Chagas disease-like pathology in non-infected mice.
In parallel, it has also been reported that CD8+ T-cells play a role in the acute phase of experimental Chagas disease by enhancing parasitaemia and mortality. These results were obtained through the depletion of CD8+ T-cells in both resistant and highly susceptible mice strains infected with the Brazil strain of T. cruzi (Tarleton 1990) .
A characterization of the cellular infiltrate is essential for a better understanding of the immunopathogenesis of experimental Chagas disease.
Immunohistochemical analysis by confocal microscopy of the inflammatory reaction in heart has shown that macrophages are a major component of the inflammatory infiltrate in all groups of CsA treated mice and also in the control group. The results suggest that high dose of CsA can block the activation of macrophages completely and that it allows parasite multiplication.
Investigations have been done to better understand the mechanism of action of this immunosuppressive drugs in experimental Chagas disease
